PREFACE
The Commission on Quantities and Units in Clinical Chemistry* is a part of the Scction on Clinical Chemistry of the International Union of Pure and Applied Chemistry (IUPAC). The Expert Panel on Quantities and Unitst is apart of thc Committee on Standards of the International Federation of Clinical Chemistry (IFCC). These two bodies, the Commission and the Expert Panel, have worked on this document~the former mainly concerned with basic philosophy, the latter with problems of implementation.
The aim has been to have clinical chemical nomenclature become a natural part of the evolving international scientific Ianguage, especially by drawing upon the recommendations of the International Committee of Weights and Measures, the International Union of Biochemistry, the Technical Committec 12 of the International Organization for Standardization, and, of course, IUPAC (see References).
The tentative version of the present publication appeared as an IUPAC-IFCC (yellow) Information Bulletin, Appendices on Tentative Nomenclature, Symbols, Units, and Standards, No. 20, February 1972 . As a consequence of later decisions by international bodies concerned with nomenclature, a considerable nurober of comments, and new deliberations by the Commission and Expert Panel (see Appendix), this Recommendation 1973 contains many, mostly small modifications in comparison with the tentative version.
The Commission and Expert Panel wish to thank the numerous colleagues ( cf. Appendix) who, by their knowledgeable and helpful suggestions, have contributed to these changes.
In cases of conflict, the present document supersedes the Iarger IUPAC-IFCC Recommendation 1966 and its translation into Spanish.
IUPAC has approved this Recommendation 1973. The IFCC Committee on Standards and Executive Board have also approved, but the document still needs the confirmation of the IFCC Council. In order to avoid misunderstandings a set of rules must be observed during transmission, i.e. the 'language' must be standardized.
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2.2.-At present there exists no fully accepted usage for the request and presentation of data, be it on the international, national or locallevel. This is, usually, inconvenient, time-consuming and, in some instances, dangerous to the patient.
Another, very unfortunate result of the diverse----and often quaintusages in clinical chemistry is that a barrier of incomprehensibility has arisen between this discipline and the rest of science where chemistry, biochemistry, and physics have cooperated on a standardized Ianguage for someyears.
2 2.1 2.-An evident advantage for clinical chemistry of the 'molecular' concepts (cf. 2.13) was realized rather early for some inorganic electrolytes: sodium ion, potassium ion, chloride, and hydrogen carbonate. To-day, the concentrations of these components are usually given as 'molar concentrations' in millimo]es per litre (or 'equivalents per litre'). For many organic and some inorganic substances, however, mass concentration is widely used. usually with 100 millilitres as the volume base (denominator) in the unit.
In the vast majority of cases, mass concentration yields no biologically useful information; in fact, biologica] relationships are obscured and, consequently, not often contemplated. In contrast, 'molecular' concepts immediately expose relationships on the functional Ievel. A few series of 526 QUANTITIES AND UNITS IN CLINICAL CHEMISTRY interdependent componentst might suffice to illustrate this fact:
acetoacetate-acetone--ß-hydroxybutyrate chloride-bromide adrenaline-noradrenaline-4-hydroxy-3-methoxymandelate calcium ion-phosphate copper ion-caeruloplasmin cholesterol-cholesterol ester creatine-creatinine bilirubin-bilirubin glucuronide 'base excess '-Iactate-glucose cystine-cysteine 'reduced' glutathione-'oxidized' glutathione glycero 1-triglyceride hemoglo bin(F e )-oxygen( 0 2 )--iron ion-transferrin protein-bound iodine-triiodothyronine-· t h yroxi n 2.13.-SCC and IFCC recommend that kinds of quantities of a 'molecular' nature should be used whenever an elementary entity may be given for a component, be it an electrolyte or a non-electrolyte, inorganic or organic.
Consequently, of the kinds of quantities listed in Section 4, the following are preferable when describing 'amount' or 'concentration' of matter: amount ofsubstance (mole) instead ofmass (kilogram), substance concentrationt (mole per litre) instead ofmass concentration (kilogram per litre), mole fraction (unity) instead ofmass fraction (unity) and volume fraction (unity), and molality (mole per kilogram).
This recommendation is supported jointly by the 1972 Recommendation from ICSH, IFCC and W APS (8.6).
2.14.-The Recommendation 1966
states that the litre is the preferred unit for volume (cf. 4.3. Note 1). This is of special importance for concentration concepts using volume as a denominator. The present arbitrary use of microlitre, millilitre, decilitre ( = 100 millilitres), and litre repeatedly results in recalculations and consequent errors.
DEFINITIONS OF FUNDAMENTAL CONCEPTS OF QUANTfriES
3.1.-Quantity: a measurable, real property, physical or chemical, of a specified system. Example: substance concentration of glucose in the blood plasma of a stated patient.
3.2.-Kind of quantity: the abstract concept of the property, common to a number of real phenomena (quantities). Examples: length, substance concentration, pressure. t Cf. 4.11.6. 527 3 .3.-Unit: a chosen reference quantity, which may be used for comparison of quantities ofthe same dimension. Examples: millimetre (e.g. for lengths), kilogram (e.g. for masses), mole (e.g. for amounts of substance), gram per litre ( e.g. for mass concentration or mass densities). Note: The magnitude of the quantity is not influenced by the choice of unit.
3 .4.-Numerical value: the number that gives the magnitude of the measured quantity when multiplied by the unit.
Numerical value = quantity/unit 3.4-1 Not es: 1. The magnitude of a quantity should not be expressedas a numerical value alone, except perhaps for quantities having the dimension one. cf. 3.8. Example: Substance concentration of sodium ion in a specified serum is not '139' but '139 millimoles per litre'. The relative density of the same serum could be adequately expressedas 1 ,026, but the unit 'I' can be stated: 1,026 X 1.
2. The 'equal to' sign does not allow inference of the kind of quantity involved from inspection of the unit employed. Example: The unit, gram per litre, is common to measurements of mass concentration and mass density.
3. The meaning of the numerical value is a statistical analytical problern beyond the scope of this document. In general, it is advisable to supply information about analytic variation and reference values ('normal values').
3.5.-Basic kind of quantity: a kind of quantity considered mutually independent of other basic kinds of quantities. Examples: length, mass, amount ofsubstance. Note: Basic quantities are chosen arbitrarily but according to a practical plan. In clinical chemistry, eight seem practical; cf. Table 3 .5-1. The first seven are the so-called International System of Units (SI units) (cf. 8.12). 3. 7.-Dimension of a quantity. Any (kind of) quantity can be analysed into a product of dimensional factors, one for each of the eight dimensions, corresponding to the eight basic kinds of quantities. Example: Mass concentration and density both have the dimension L-3 M 1 T 0 1°(:=-)0 J 0 N°Z 0 =
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3 , they are equidimensional; the appropriate units mg/1, g/1, kg/m Notes: 1. The ten prefixes above the upper and below the Iower broken Iines in the table are especially recommended because the systematic use of factors that are powers of ten with exponents that are simple multiples of three facilitates conversion procedures for results in different units. 2. Unfortunately, these prefixes may not stand alone and must not be used together with the unit 'unity' (1), employed by quantities having the dimension one (cf. 3.10, Note). This is not practical and could be solved by designating a name and symbol to 'unity'.
KINDS OF QUANTITIES AND UNITS
4.0.-0nly the most necessary information is given in connection with each kind of quantity: name, (type), symbol, and in some cases a definition; the unit name, (type), symbol, and sometimes a definition. The abbreviations for type of kind of quantity and for unit are explained in Table 4 .0-1. 4.0.1.-ln this final version, the italic symbols for a number of intensive kinds of quantities do not carry a subscript indicating the component; e.g. the former c 8 for 'substance concentration of component B' is now given as c. In this context, probably, only mass density and mass concentration may be confused as both are symbolized p. When necessary, mass concentration is symbolized p 8 or p (B) ; other kinds of quantities may be specified analogously. Notes: 1. The litre has been redefined (CGPM, 1964) and is now exactly equal to the cubic decimetre. 2. Although CGPM and IUPAC at one time discouraged the use of litre in connexion with precise measurements, CQUCC has decided to retain the litre as a permissible unit, especially because of the convenience of its multiples (ml, Jll, etc.) and its continued use in chemistry. This decision has become 'respectable' because the International Committee of W eights and Measures (CIPM) has recognized (8.12 ) that the litre and a few other units 'play such an important part that they must be retained for general use with the International System of Units'. The preference of litre is supported jointly by a 1972 Recommendation from ICSH, IFCC~ and WAPS (8.6 ). 
4.4.-Mass (B)
Kilogram ( X 10 6 , X 10 3 , X 1, X 10-J Notes: 1. This kind of quantity has the dimension one (cf. 3.8 and 3.4, Note 1) and the coherent unit is 'unity' (1).
2. This kind of quantity was called 'number of particles' in QU-R66-4.5. 3. The kind of quantity 'reaction rate' is defined and discussed by IUPAC Commission on Symbols, Terminology, and Units (8.11) .
If the catalysed reaction is symbolized v • Substrate catalyst Products one 'elementary transformation' converts v elementary entities of substrate; v most often is one. The mean reaction rate during a certain time is the amount of substance of Substrate converted, divided by its coefficient v and bythetime.
4. A quantity of the kind 'catalytic amount' has a stated system that contains ( or is identical with) a certain catalyst as a functional component. Further, the quantity name must refer to the assay method. This, by itself, requires a detailed description of the assay system with its components, temperature, pH, etc. The special quantity to be measured in the assay system is the reaction rate of a zero-order reaction.
5. CBN has abandoned its earlier support of catalytic amount as a basic kind of quantity and now defines the derived kind of quantity enzymic activity as 'the rate of reaction of substrate that may be attributed to catalysis by an enzyme' (8.2), and uses katal as a special name for 'mole per second'. This approach creates a difficulty when dimensional analysis is performed, because the dimension indicated by the unit mol/s is valid only for the auxiliary quantity (reaction rate) of the assay system, but not, as it should be, for the quantity to be determined. Further, the creation of a special name for a derived unit as 'mole per second' is against current international trend, that discourages new special names for simple products or ratios of base units. (If katal is considered a base unit, as in the present Recommendation, a separate name is, of course, necessary.) 6. After much deliberation and discussion with other IUPAC experts in the field of quantities and units, CQUCC and later SCC decided that it would probably be unwise to follow the latest Recommendation ofCBN. However, it should be stressed that numerical results are identical whether the basic kind of quantity 'catalytic amount' and base unit 'katal' or the derived kind of quantity 'enzymic activity' and derived unit 'katal' = 1 mol/s are used.
7. The use of the 'enzyme unit' (symbolized U) ~ 1 Jlmol/min (cf. 8.9) 'should be discouraged progressively so that it may eventually be abandoned' (8.2).
8. Fora given method 1 U ~ lJ.1mol/min = 10-6 mol/min = 1/(10 6 x 60) mol/s = 16,67 nmol/s ~ 16,67 nkat 9. Values obtained by one method, in some cases, may be converted to those of another through the use of an empirical factor; great caution should be exerted on account of unknown accelerators, inhibitors, and different effects on the single catalysts in a mixture.
In fact different methods mean different quantities. The conversion is therefore merely an example of the general problern of converting the values of one quantity to those of another, based on some regression analysis.
10. If the method employed precludes the use of this kind of quantity with its unit katal, an arbitrary kind of quantity and an arbitrary unit should be defined.
4.8.-Mass concentration (D)
Kilogram per litre (Dn C) 
.-Volume fraction (D)
Unity (DC)
1 Notes: 1. This kind of quantity is the volume of the isolated component divided by the volume of the system, both volumes at specified conditions. The numerical value depends on the temperature and pressure of the component and of the system. 2. This kind of quantity has the dimension one (cf. 3.8 and 3.4, Note 1) and the coherent unit is 'unity' (1). The unit 'litre per litre' ( or the derived coherent unit 'cubic metre per cubic metre') are redundant alternatives.
3. As 4.9, Note 3. 4. As 4.9., Note 4 and 4.11. 5. Giving dilution 'strength' as 1: 2, 2:3, etc. is ambiguous. The use of 4.10 or a precise description of the procedure is recommended. Not es: 1. This kind of quantity is the amount of substance of the component divided by the volume of the system. The elementary entity of the component should be stated, if doubt may occur. The numerical value depends on the temperature and pressure of the system. 2. The importance of this kind of quantity should appear from 4.6, Note 1. An alternative is 4.13.
3. Concerning the concept 'equivalent concentration', cf. the analogaus 4.6, Note 2.
4. The derived coherent unit is 'mole per cubic metre', cf. 4.3, Notes 1-4, and 4.8, Note 2.
5. Concerning the volume base, cf. 4.8, Note 3. 6. In QU-R66 the name 'molar concentration' was used, but the term 'molar' is now restricted by IUPAC to kinds of quantities having in their definitions 'an extensive kind of quantity of the system divided by amount of substance of the system'. The internationally recommended term for the kind of quantity defined in Note 1 is 'concentration' or 'amount of substance concentration'. After discussions (1971) with IUPAC Commission 1.1 it was agreed that CQUCC can recommend the name 'substance concentration' to avoid confusion with the word 'concentration' in the colloquial sense. 
4.13.-Mole fraction (D)
Unity ( Not es: 1. This kind of quantity is the amount of substance of the component divided by the amount of substance of all components in the system. The elementary entities of the components should be stated, if doubt may arise. The numerical value is independent of the temperature and pressure of the system. 2. This kind of quantity has the dimension one (cf. 3.8 and 3.4, Note l) and the derived coherent unit is 'unity' (1). The unit 'mole per mole' is a redundant alternative.
3. As 4.9. Note 3.
4.14.-Number concentration (D)
One per [pascal] [Jlbar, Jlb] Notes: 1. This kind of quantity is the force at right angles to the surface divided by the surface area . The value depends on system temperature.
2. IUPAC has decided that the use of the unit 'bar' (1 bar = 10 5 Pa = 10 5 N/m 2 ) is tobe progressively discouraged and CQUCC in 1969 decided that the use of bar (recommended in QU-R66) should no Iongerbe recommended. It should be replaced by the coherent SI unit Pa (or N/m 2 ).
3. Both 'pascal' (Pa) and 'newton per square metre' (N/m 2 ) are permitted derived coherent units, but Pa is preferred due to simplicity and to avoid duplicate names for the same unit.
4. The unit 'newton' is the force that, when applied to a body having a mass of one kilogram, gives it an acceleration in vacuo of one metre per second squared.
5. A measured liquid height requires correction for the temperature of the liquid and the local acceleration of free fall before conversion into any of the units of pressure.
6. The numerical value of the result of a quantity measured in mbar lies close to that of the same result in mmHg, whereas kPa = kN /m 2 gives distinctly different figures: 54 mbar = 41 mmHg = 5,4 kN/m 2 =-= 5,4 kPa. also used for 'relative density' (cf. 4.25) and 'absorbance' (also called 'optical density').
4.25.-Relative density (D)
Notes: 1. This kind of quantity is the ratio between the density of the system and the density of a 'reference' or 'standard' system under conditions that should be specified for both systems. The value depends on the temperature and pressure of each of the two systems.
2. This kind of quantity has the dimension one and is an example of the group of kinds of quantities mentioned in 4.17.
3. The term 'specific gravity', often used · when water is the reference system, may be confused with 'specific weight'; cf. 4.24, Note 2. 4. A more rational name for 'relative density' would be 'relative mass density' and this name should be used in case of possible ambiguity. The possible results may be stated as a specification to the kind of quantity (cf. 5.2.3.-When a unit symbol carries an exponent, the factor symbol is raised to the same power as the unmultiplied unit symbol. Examples: 1 mm 2 = (10-3 m) 2 =10-6 m 2 ; J.ll-1 means (10-6 1)-t, not 10-6 1- 5.2.6.-The decimal sign is a comma on the line (8.7). In documents in the English language a dot on the Iine can be used, but the comma is preferred in this Recommendation. If the numerical value of the number is less than one, a zero should precede the decimal sign. Nurobers with many digits may be written with small spaces separating groups of three, counting from the decimal sign towards the left and right; a point or comma should not be used for separation. Example: 6,022 52 ± 0,000 28.
PROPOSED NEW DERIVED KINDS OF QUANTITIES
6.0.-Development of new kinds of quantities. In QU-R66, Part 5, some useful kinds of quantities were proposed. Amendments were made by CQUCC in 1969 CQUCC in , 1971 CQUCC in , and in 1973 , and the results are briefly listed here. The abbreviations for type of kind of quantity and unit are explained in 7.5.-Kind of quantity. The names may be abbreviated as suggested in Table 7 .5-1 or given as their italicized symbols. Necessary specifications are placed in parentheses. Examples: relative substance concentration(Pt/ Norm), viscosity (4,0°C), catalytic concentration (King and King 1954). 
